ABSTRACT The production of extrafloral nectar by cotton had two distinct peaks with cultivar 'Stoneville 7A,' the first peak produced by mainstem node leaf nectaries and the second peak produced by subbracteal nectaries on fruiting structures. Cultivar 'Coker 201 ' produced a first peak corresponding with that observed for 'Stoneville 7A,' and a much less pronounced but corresponding second peak. Oviposition by Heliothis puncti8era Wallengren moths was highly correlated with extrafloral nectar production during the first 13 weeks of the crop's development but poorly correlated later in the plant's development. It is postulated that the low correlation late season may be due to any of several factors, including a change in nectar quality or buildup of fungi associated with the nectaries.
in particular has been studied in this regard by a number of researchers, who have shown that the moths readily feed upon extrafloral nectar (Adjei-Maafo 1980, Butler et al. 1972) .
Since nectaried cotton has greater numbers of arthropods than nectariless cotton, it is logical to assume that crop attractiveness might vary through the season as a result of changing nectar production. Several workers have found that nectaried cotton is more attractive to Heliothis for oviposition at certain stages of development than at others (Parsons 1940 , Beeden 1974 , Lukefahr et al. 1965 , Adkisson et al. 1964 . Yokoyama (1978) examined the seasonal population densities of four cotton arthropods under field conditions and attempted to correlate these with nectar production, soluble solids, and leaf protein. None of the species correlated well with these factors. This is not surprising, since two of the species, minute pirate bug, Orius tristicolor (White), and bigeyed bug, Geocoris spp., were at low levels throughout the experiment, whereas the remaining two species, westem flower thrips, Frankliniella occidenralis (Pergande), primarily a leaf and pollen feeder, and spider mite, Tetranychus spp., rarely if ever feed on cotton nectar. This paper presents the results of experiments which examine the phenology of nectar production and the attractiveness to Heliothis punctigera preference. The mainstem node distribution of nectar is also examined and compared with the distribution of Heliothis eggs.
Materials and Methods

Plant Maintenance
All experiments were conducted in a greenhouse from 25 October 1977 to 20 March 1978 at University of Queensland, Brisbane, Australia. Seeds of near-isogenic 'Stoneville 7A' nectaried (N +) and nectariless (N -) and Coker 201 N + and N -cotton were planted in 8-liter pots containing a dark gray medium clay soil (Adjei-Maafo 1980) . After emergence, the plants were thinned to three per pot. Vigorous plant development was sustained with a monthly application of Aquasol. Plants were watered every second day from emergence until the first open boll and thereafter twice per week. Aphid outbreaks were controlled with Naled (1 mllliter), and outbreaks of mites, Tetranychus spp., were controlled with aldicarb granules applied to the soil at the rate of 0.8 g per pot.
Nectar Production and Plant Development
Extrafloral nectar was collected twice a week from 10 randomly selected N + plants (one from each of 10 pots) for the 'Stoneville 7A' N + cultivar with a suction device for a total of 21 weeks starting 2 weeks after emergence. The device consisted of a 100-pl pipette graduated in microliters, and was attached to an electrically operated suction pump by vinyl tubing. A valve attached to the tubing controlled the suction pressure.
Leaf nectar production was measured from the midrib nectary for each mainstem leaf and for the monopodial and sympodial branch leaves. Mainstem, sympodial, and monopodial leaves are those leaves which arise, respectively, directly from the mainstem, primary sympodial (fruiting) branches, and primary monopodial (vegetative) branches (see Tharp 1960 (Helder 1958) , hygroscopic absorption of water by the sugars at high RH (Butler et at. 1972) , and local edaphic factors (Lukefahr and Griffin 1956) . Butler et at. (1972) reported maximum volume of nectar production at 0800 h for both Cossypium bnrbndense and G . hirsutum cotton; hence, all nectar in the present study was collected between 0800 and 1000 h. The vertical distribution of extrafloral nectar production was determined by measuring the volume of nectar production per mainstem node leaf, taking the terminal node as node zero.
The number of squares, flowers, and bolls, and the number of mainstem nodes were recorded for each plant for each cultivar on each sampling date.
H. punctigera Culture
Hefiofhis puncrigern larvae were collected from cotton fields in the Lockyer Valley of Queensland and were reared on the artificial diet of Shorey and Hale (1965) as modified by Mochida and Miyahara (1974) . Larvae were reared in capped, 224-m1, waxed-paper cups (three larvae and 0.9 g of diet per cup). All rearing took place in a controlled environment room maintained at 28 2 1°C and 65 +_ 5% RH, with a 14-h photophase. The moths developing from the field collected larvae were used as the parental (FJ generation to produce an F, generation, and all studies used the F, generation moths.
Heliothis Oviposition
The experiments involving adult moths were carried out in galvanized pipe-framed nylon cages (0.08-cm mesh) measuring 7 by 6 by 1 .8 m. A separate cage (no-choice situation) was used for each of the four cultivars with each containing 15 pots of three plants each. Different pots were used in these experiments than were used for measuring nectar production, but with both sets of plants raised under the same conditions and at the same time. Six male and four female moths were released into each cage ca. 12 h after emergence ( 1 800 h). Eggs on the plants were counted after 2 days and thereafter daily for 8 days. All eggs were removed to prevent larval damage to the plants. The experiment was repeated weekly from one week after plant emergence for a total of 2 I weeks. Table 1 shows the mean volume of total extrafloral nectar produced per plant, and the percent produced by subbracteal glands, and by mainstem, sympodial, and monopodial leaves, from the appearance of the first true leaves until the first open boll. The subbracteal and mainstem leaf nectaries were responsible for producing ca. 89% of the total nectar. There were two peaks of nectar production (Fig. IA) . with the first peak largely attributed to mainstem leaves and the second peak to subbracteal nectaries (Fig. I B) . Nectar production by the mainstem leaves increased progressively reaching a peak in week 8, then declined rapidly (see Fig. 2 for plant maturity level per week of measurement). Later in the plant's development, there was very little mainstem leaf nectar production, with most of the nectaries on the mainstem leaf midrib old and infected with fungi. Sympodial leaf nectar production began shortly after the onset of square production. However, this production rapidly decreased. together with that of mainstem leaf nectar as the squares matured into flowers. At this stage, subbracteal nectar production commenced and increased rapidly as more squares matured into flowers and young bolls, peaking near the peak in boll production, then decreasing as the bolls matured and the number of open flowers and young bolls declined (Fig. 2 ) . Evenson (1969) reported the flowering phase of cotton development to be the most active nectar-producing phase. This was confirmed in the present study where subbracteal nectar was produced mainly on flowers and young bolls, rather than older bolls, and was the major component of the total nectar produced by the plant (48.4%).
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Results and Discussion
Nectar Production
Monopodial leaf nectar constituted only a minor portion (2.8%) of the total nectar produced by the plant, and its production was very short lived. This low volume of nectar could be due to the fact that greenhouse plants had relatively few monopodial branches compared with field plants.
Heliothis Oviposition
The effect of plant development on H. punctigern oviposition was influenced by the nectaried tract and by the cultivar background ('Stoneville' vs. 'Coker'). On only one of 21 weeks of sampling did the nectariless cultivar receive more eggs, this occurring late in the plant's development for both cultivars (Fig. 3) . In general, the numbers of eggs oviposited on the nectariless plants were at a fairly constant level increasing only slightly, possibly as a result of increased plant size, as the plants aged. Two distinct oviposition peaks occurred with the 'Stoneville 7A' N + cultivar (Fig. 3A) , both being synchronized with the peaks in extrafloral nectar production (Fig. IA) . Oviposition Coefficients of determination (1.2) for stepwise regressions of H. punctigera egg lay vs. total cotton extrafloral nectar The explained variation is, however, quite low (39%). By using stepwise linear regression starting from week 2 and progressively adding dates, a high correlation (greater than 80% explained variation) exists between egg lay and nectar production for the first 13 weeks when excluding week 7 ( Table 2 ) . By using stepwise linear regression starting from week 21 and progressively adding earlier dates, egg lay and nectar production correlate poorly late season, with the earlier sampling dates responsible for the significance of the final regresMost pest and beneficial arthropods in cotton are located in the terminal area of the crop (Wilson et al. 1980 (Wilson et al. , 1982 . Wilson et al. (1980) found that ca. 50%
of Heliothis zea (Boddie) eggs are laid in the upper 27% of the mainstem nodes. Adjei-Maafo (1980) , in examining the flight behavior of mixed populations of H . punc,tigera and H . armigera Hiibner, found the terminal area of the crop to be most frequented by the moths. Figure 5 shows the mean mainstem node distribution of extrafloral nectar. These results imply that nectar is, on average, distributed similarly to that reported for Heliothis moths and eggs. Figure 1B shows subbracteal nectaries comprising the largest source of nectar from later in the crop's development. Interestingly, field studies by Wilson et al. (1980) show an increase in oviposition on fruiting structures at this same stage of crop growth.
The results presented in this paper strongly suggest the presence of a close correlation between the production of extrafloral nectar and the attractiveness of a cotton cutlivar to ovipositing H . punctigera moths. The lack of a significant correlation late season ( Table 2 ) was not ascertained but may be due to a change in the
